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Abstract
High-speed 100 MHz strain monitor using fiber Bragg grating (FBG) and an optical filter has been devised
for the magnetostriction measurements under ultrahigh magnetic fields. The longitudinal magnetostriction
of LaCoO3 has been measured at room temperature, 115, 7 and 4.2 K up to the maximum magnetic field of
150 T. The field-induced lattice elongations are observed, which are attributed to the spin-state crossover
from the low-spin ground state to excited spin-states.
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1. Introduction
Magnetoelastic response such as magnetostric-
tion is a sensitive indicator of the spin-lattice cou-
pling in materials. Magnetostriction is widely ob-
served in systems such as ferromagnets, antiferro-
magnets [1], spin crossover system [2, 3, 4, 5], va-
lence transition system, Heavy fermion system [6],
correlated transition metal oxides, multiferroic sys-
tem, and quantum spin systems [7].
In the spin-state crossover systems, volume
changes are expected to accompany the spin-state
change due to the large difference of the ionic ra-
dius of high-spin state and low-spin state. Recently,
we report unusual magnetic field-temperature (B-
T ) phase diagram of LaCoO3, which is revealed by
magnetization measurement up to 133 T [3]. The
phase diagram is theoretically attributed to the the
filed-induced the excitonic insulator phase and the
spin-state crystallized phase [8, 9], which occur due
to the spontaneous breaking of the Gauge symme-
try and translational symmetry, respectively. To
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test this possibility experimentally, direct informa-
tion on spin-state evolution as a function of mag-
netic field and temperature is helpful. Volume
change can complement the magnetization data in
the sense volume change is directly related to the
spin-state change whereas magnetization is affected
by both spin-state occupancy and the magnetic in-
teractions.
In this paper, we report a novel system for mag-
netostriction measurements at B > 100 T. Using
the developed system, we measured the magne-
tostriction of LaCoO3 at magnetic fields beyond 100
T at several temperatures.
2. Experiment
The magnetostriction measurement at above 100
T has been carried out with the combination of the
ultrahigh magnetic field pulse and the newly de-
vised high-speed 100 MHz strain monitor based on
FBG and a tunable optical filter [10]. The pulsed
ultrahigh magnetic fields were generated with the
single turn coil (STC) system in the Institute for
Solid State Physics, the University of Tokyo, Japan.
Due to the limited pulse duration of STC, the mag-
netostriction measurement needs to be performed
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Figure 1: (a) Time evolution of the intensity of reflected light by FBG IR and magnetic field at room temperature with a
bare FBG suspended in the pulsed magnetic field. Magnetic field dependence of the strain ∆L/L of bare FBG suspended in
the pulsed magnetic fields at (b) room temperature, (c) 115 K and (d) 4.2 K. The reflection from the FBG does not show a
noticeable dependence on the magnetic field.
at least 10 MHz repetition rate. We have devel-
oped a high-speed 100 MHz strain monitor using
FBG and an optical filter [10]. The longitudinal
magnetostriction of the sample is measured through
the red and blue shift of the FBG peak. For the
fast detection of the FBG peak position, it is con-
verted to the intensity of the reflected light by pass-
ing through an optical filter whose transmission
abruptly changes at the relevant wavelength range.
Details of the developed high-speed strain moni-
tor are presented in Ref. [10]. A bare glass fiber
with FBG was attached to the specimen of a single
crystallin LaCoO3 in parallel with [110] direction.
Optical filter (B) was used in the measurement [10].
Prior to the magnetostriction measurement of
LaCoO3, we have performed the strain measure-
ments of a bare FBG under pulsed magnetic fields
at room temperature, 115 K and 4.2 K. This is to
verify whether there is any magnetic field effects
on the FBG reflection at high magnetic fields even
without samples. The results of the measurements
are presented in Figs. 1(a) to 1(d), where the opti-
cal filter (A) was used. As can be seen in Fig. 1(a),
there is no noticeable variation of the intensity of
the FBG reflection IR during the pulsed magnetic
field is generated. The magnetic field dependence of
the strain ∆L/L of the bare FBG deduced of mea-
sured IR at room temperature, 115 K and 4.2 K are
presented in Figs. 1(b), 1(c) and 1(d), respectively.
There are no noticeable variation of ∆L/L at each
temperatures within the present experimental er-
ror, which is a few 10−5. Thus, it is concluded that
there are no intrinsic magnetic field effects on FBG
in the present measurements.
3. Result and discussion
Intensity of light reflected by the FBG attached
to a specimen of a single crystalline LaCoO3 and the
magnetic field were successfully obtained as a func-
tion of time as shown in Fig. 2(a) and 2(b). The
data are converted to the magnetostriction shown
in Figs. 2(c), 2(d) and 2(e).
At room temperature, the magnetostriction is
negligibly small within the present experimental er-
ror as shown in Figs. 2(c). This observation is in
good agreement with the previous magnetostriction
study of LaCoO3 up to 45 T [11]. At room temper-
ature, on the other hand, magnetization is suffi-
ciently large at 33 T [12]. These facts indicate that
the field-induced spin state evolution is negligible at
room temperature up to 80 T and that the magne-
tization increases with magnetic fields mainly due
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Figure 2: Time evolution of the intensity of reflected light by FBG glued to LaCoO3 and magnetic fields at (a) 115 K and (b)
4.2 K. The magnetostriction of LaCoO3 as a function of magnetic field at (c) room temperature (d) 115 K and (e) 7 and 4.2 K
to the paramagnetic susceptibility. Above obser-
vation indicates that magnetostriction is more di-
rectly sensing the spin-state evolution as compared
to magnetization.
At 115 K, the magnetostriction data shows B2
dependence as shown in Fig. 2(d). The fit to
y = cB2 shows a good agreement below 100 T and
the deviation is seen in the field range 100 - 150
T. Whereas, the magnetization shows a linear de-
pendence on the magnetic field up to 33 T [12].
The B2 dependences of magnetostriction and the
linear B dependence of magnetization are in good
agreement with the previous observation and up to
45 T and model calculation [13]. These magnetic
field dependences of magnetostriction and magne-
tization are deduced in models in the limit where
the spin-state changes are small and far from the
HS saturation. Thus, the observed result indicates
that the system is far from saturation to HS state
even at 150 T.
At 7 and 4.2 K, the first order transition of mag-
netostriction is observed with a large hysteresis.
This is in good agreement with the previous mag-
netization [2, 14, 3] and magnetostriction measure-
ments [2, 5]. The observed first order transition of
magnetostriction shows similar magnetic field de-
pendence with the magnetization [3], unlike the re-
sults at 115 K and room temperatures. This fact
indicates, magnetization is not disturbed by ther-
mal effects at 7 and 4.2 K, resulting in the obser-
vation that magnetization follows the result of the
magnetostriction, that is, the spin-state change.
4. Summary
The longitudinal magnetostriction of LaCoO3
has been measured at room temperature, 115 K
and 4.2 K up to the maximum field of 150 T, us-
ing the devised high-speed 100 MHz strain monitor.
The field-induced lattice elongations are observed,
which are attributed to the spin-state crossover
from the LS ground state to excited spin-states.
The data are discussed by comparing the magne-
tostriction data and the magnetization data. The
magnetostriction data is plausible in the sense that
it is directly related to the spin-state change.
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